The presented work describes the method development of simultaneous determination of camylofin dihydrochloride (CMF), diclofenac potassium (DCF), and Paracetamol (PCM) using reversed phase high performance liquid chromatography (HPLC-UV) and the method was further transferred to a new generation instrument, ultraperformance liquid chromatography (UPLC-PDA). The detailed validation was carried out for the combination tablet formulation of CMF and DCF by UPLC-PDA. From the method development study, Acquity UPLC HSS C18 (2.1 × 50 mm, 1.8 m) was finally selected for validation. The satisfactory results were observed for peak shape, retention time, and resolution with a mobile phase of 20 mM ammonium acetate buffer (pH 3.0 with dilute orthophosphoric acid) : methanol (33 : 67 v/v). The isocratic elution of mobile phase was carried out at a flow rate of 0.250 mL/min and detection at 220 nm. Both drugs were efficiently separated out in less than 3.5 min with 1.1 and 3.2 min of retention time of the CMF and DCF with 11.87 of resolution. The linearity was obtained in the 20.0-80.0 g/mL range of concentration with 0.9998 of correlation coefficients for the substances. The method was analyzed for specificity with detailed force degradation study, which is a simple, precise, and accurate method, as per the International Conference on Harmonization (ICH) guidelines.
Introduction
Camylofin dihydrochloride (CMF) is an antimuscarinic drug which is used as an antispasmodic drug. Chemically, it is known as a 3-methylbutyl 2-(2-diethyl-aminoethylamino)-2-phenyl-acetate hydrochloride [1, 2] . Diclofenac potassium (DCF) is a nonsteroidal anti-inflammatory drug (NSAID). It is used as an anti-inflammatory, analgesic, and antipyretic drug [3] [4] [5] and also relieves pain of rheumatic and nonrheumatic kinds of diseases [6] and chronic pain associated with cancer [7] . Paracetamol (PCM) is chemically known as an N-(4-hydroxyphenyl) acetamide [8] and very well known as an acetaminophen [9] . Generally it is an analgesic and antipyretic class of drug, used for the treatment of fever and pain [10, 11] . The chemical structure of camylofin dihydrochloride, diclofenac potassium, and Paracetamol is given in Figure 1 .
On the basis of literature review, there are many methods available for the determination of CMF, DCF, and PCM in single as well as combined dosage with other drugs by GC, HPLC, HPTLC, and UV [12] [13] [14] [15] [16] [17] but there is no isocratic RP-UPLC method for the determination of CMF-DCF and CMF-PCM in combination dosage form or tablet, but the proposed developed method by HPLC is novel. 
Experimental

Materials and Methods.
Working standards of CMF and DCF were purchased from Sigma Aldrich and Paracetamol was gifted by Hetero drugs Limited (Hyderabad, India) and combination tablet of CMF-DCF, Anaspas tablet (CMF 50 mg : DCF 50 mg), and Anafortan (CMF 25 mg : PCM 300 mg) was purchased from the market. Analytical-grade hydrochloric acid, hydrogen peroxide (30% v/v), and sodium hydroxide pellets were from Ranbaxy Fine Chemicals (New Delhi, India). Methanol, orthophosphoric acid, and HPLC grade was from Merck, Ammonium acetate was from Spectrochem Pvt. Ltd. (Mumbai, India), and HPLC grade water was prepared using Milli-Q Elix-3 water purification system. Nylon syringe filters (0.22 m) were purchased from Millex-HN, Millipore (Mumbai, India).
Instrumentation.
The liquid chromatography method was developed by Waters HPLC equipment with TM 600 quaternary pump, waters 2489 UV/Vis detector, waters 600 controller, waters in line degasser AF, and manual injector with 20 L loop. The equipment was connected to a multiinstrument data, acquisition and data, processing system (Empower software 2.0) The final validation work was carried out by the Waters Acquity UPLC chromatographic system (Waters, Milford, MA, USA). This system consists of a binary solvent manager (BSM), photodiode array detector (PDA), sample manager (SM), and column oven connected to a multi-instrument data acquisition and processing system (Empower version 2.1). Sartorius CPA2P analytical microbalance (Gottingen, Germany) and an ultrasonic bath SONICA Spinco were used for degassing purpose from Spincotech Pvt. Ltd. (Mumbai, India). Milli-Q Elix-3 water purification system (Millipore, Milford, USA) was used as an HPLC grade water source. The pH of buffer mobile phase was adjusted by 827 pH lab of 5.857.0011 program version, Metrohm swiss mode instrument, from Herisau, Switzerland.
Mobile Phase.
To prepare 20 mM ammonium acetate buffer, 1.5416 gm was weighed and dissolved and used to make up to 1 liter of HPLC grade water and pH was adjusted to 3.0 with diluted orthophosphoric acid. It was filtered by 0.22 m filter paper with Millipore vacuum filter assembly and sonicated with an ultrasonic bath.
The final composition of mobile phase is (33 : 67 v/v) using 20 mM ammonium acetate buffer (pH 3.0) and methanol.
Preparation of Diluents.
Mobile phase was used as diluents in proportion of 50 : 50 v/v.
Preparation of Standard Solution.
Standard stock solutions (500 g/mL) of CMF, DCF, and PCM were prepared by transferring accurately weighed 12.5 mg of working standards into a 25 mL of volumetric flask, respectively. The stock solution of each drug was prepared in methanol. Standard solutions were prepared by accurately transferring 1.0 mL of stock solution into 10 mL of volumetric flask to furnish the same final concentration of CMF, DCF, and PCM (50 g/mL) and diluted with mobile phase up to the mark. The standard solutions had been prepared for the same concentration of CMF and DCF (50 : 50 g/mL) and for the combination of CMF and PCM to furnish final concentration 25 g/mL : 300 g/mL, respectively, by appropriate dilution using reference standard.
Preparation of Sample
Solution. Around 20 tablets were taken then crushed and powdered. From that, the equivalent weight was taken to make the final stock concentration of CMF and DCF (500 g/mL) for both of the drugs. After sonication and filtration of stock solution with 0.22 m nylon syringe filter, the sample solutions were prepared by accurately transferring 1.0 mL from the stock solution and further diluted with mobile phase to get final concentration (50 g/mL) for each drug. Similar to the preparation of standard solution, the sample solution was prepared for the concentration as per CMF : DCF 50 : 50 g/mL and CMF : PCM 25 : 300 g/mL by final dilution using tablet.
Chromatographic Condition.
Chromatographic analysis was carried out on HSS C18 (2.1 × 50 mm, 1.8 m) and Sunfire C18 (4.6 × 150 mm, 5 m) column at 0.250 mL/min and 1.0 mL/min for UPLC and HPLC, respectively. The mobile phase consists of 20 mM ammonium acetate buffer (pH 3.0) : methanol in the ratio of 33 : 67 v/v and was used throughout the analysis; temperature was 30 ∘ C at 220 nm for both of the instruments. 
Results and Discussion
Method Development.
On the basis of physical and chemical nature of the compounds, the chromatographic parameter selection is carried out. There were various experimental trials done, such as mobile phase with different pH, composition with organic solvents, flow rate, column temperature, and wavelength of detection. Acetonitrile was taken for initial trials as an organic constituent of mobile phase, but peak shape was not so good. Then with 20 mM ammonium acetate and methanol different trials were practically observed, which give better peak shape than acetonitrile. After that, some additional changes were done, such as pH changes of mobile phase and diluents, to reduce the peak tailing. Finally the chromatographic method was optimized using HPLC and validated as per ICH guidelines [18] , USP [19] , and AOAC international [20] , using UPLC with mobile phase of 20 mM ammonium acetate (3.0 pH with diluted orthophosphoric acid) and methanol in the proportion of 33 : 67 mL v/v. Furthermore, the mobile phase was used as diluents in same ratio of 50 : 50 mL v/v which gives better peak shape with good symmetry, resolution, and retention time in validation as well as for stress degradation study. The chromatograph of mixture of three drugs obtained from HPLC and UPLC are given in Figures 2 and 3 , respectively. The three-dimensional chromatogram of CMF, DCF, and PCM using UPLC is given in Figure 4 .
Detailed Method Validation for CMF and DCF
3.2.1. Solution Stability. Stability study of solution was performed by comparing the freshly prepared standard and sample solutions with aged solution at 3-5 ∘ C and at room temperature with different interval of time from initial to 48 h. After each 6 h interval from initial the solution was tested and it is observed that, at 3-5 ∘ C of temperature, the solution is stable for 48 h but, at room temperature, it is stable for 24 h. The % RSD value and % assay were within the 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 acceptance criteria for 24 h at room temperature and 48 h at 3-5 ∘ C of temperature and after that the % assay was found to be less than 98% for both of the conditions.
Forced Degradation.
The stability of pharmaceutical compounds in chemical and physical conditions is the most important study that correlates with its safety as well as efficacy. As per the ICH guideline, the stress study helps to determine the pathways of degradation and validate the stability indicating method for storage conditions [21] . The force degradation study of CMF and DCF was carried out by acid, base hydrolysis, oxidation, and photolytic and thermal degradation at room temperature.
In the acidic condition, the powdered equivalent weight of CMF and DCF was taken and 0.005 N HCl was added then neutralized with NaOH and at 0 h; it is found that both of the drugs are highly sensitive ( Figure 5 ). 0.1 N NaOH was used to provide alkaline condition ( Figure 6 ). 3% H 2 O 2 was used for oxidative stress and it is found that drugs are stable up to 6 h ( Figure 7) . The powdered tablet of CMF and DCF was subjected to thermal degradation at 80 ∘ C for 3 hours. Moreover, it is found that CMF is thermal labile when compared to DCF. In photolytic condition drugs are directly exposed to day light, where CMF and DCF start degrading after 3 h. All the detailed information regarding the force degradation study is given in Table 1 .
Specificity.
The tests related to the interference of degraded product, mobile phase, diluents, and placebo were carried out for the specificity study; furthermore, it was confirmed during the stress degradation study by peak purity of CMF and DCF. From this study it was concluded that there is no interference of degraded product observed with pure drug peak of CMF and DCF and the peak purity chromatogram of both drugs is given in Figures 8(a) and 8(b) . 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
Precision and Content Uniformity Test.
The content uniformity study was carried out from the formulation of CMF and DCF tablet, and the % assay was found between 98.58 and 100.21 for CMF and between 98.51 and 100.16 for DCF. The content of tablet was found uniform (Table 3) .
Limit of Detection (LOD) and Limit of Quantification (LOQ).
The study was finalized by comparing the signal to noise ratio 3 : 1 and 10 : 1 for LOD and LOQ, respectively. The LOD is 0.20 g/mL and LOQ is 0.50 g/mL for CMF and DCF.
3.2.7.
Linearity. The linearity study was carried out for CMF and DCF in the range of 20.0 to 80.0 g/mL for both of the drugs (Table 4 ) and the linearity curve -axis shows the concentration ( g/mL) while -axis shows the peak area (absorbance unit) which indicates the method is linear and directly proportional to the concentration of drugs analytes in the sample solution (Figures 9(a) and 9(b) ). The results show that the peak intensity increase with concentration increases of analytes. That indicates the method is linear.
Robustness.
The robustness study was carried out by small but deliberate changes like flow (±0.05 mL/min) and mobile phase composition (±0.5 mL), with changes in pH (±0.2), wavelength (±5 nm), column temperature (±2.0 ∘ C), and column lot. It is depicted from the results that the deliberate changes in chromatographic conditions do not affect the % assay and retention time of the peak, drastically. The robustness study results are as per acceptance criteria which indicate the method is very robust.
System Suitability.
The study related to system suitability was substantiated by tailing factor and resolution and number of theoretical plates of peaks for standard solution using both HPLC and UPLC method. So, the value of results obtained from both of the instruments is given in Table 5 . For HPLC and UPLC the tailing factor is less than 2.0.
Application and Significance at HPLC to UPLC Method
Transfer. The utilisation of the method is very unique, novel, and more beneficial which is a single method, for the simultaneous determination of three drugs using HPLC-UV and UPLC-PDA. The method was developed using HPLC for CMF, DCF, and PCM and then the method was transferred from high performance to ultraperformance, LC technique. In addition, the method is tested for the marketed tablet dosage forms of CMF and DCF (Anaspas) and CMF and PCM (Anafortan) according to the ICH Q2 (R1) guideline [18] . Then, the stability indicating method was validated for CMF and DCF using UPLC. The detailed force degradation study can be utilized to decide the better storage condition for both drugs. The chromatographs of test preparation from Anaspas and Anafortan tablets are given in Figures 10 and 11 . Only 1.0 L of injection volume is sufficient for better peak absorbance at 220 nm of detection wavelength which shows the high throughput analysis. The proposed method can be also useful for individual drug substances and products. up to four times. Thus, the provided method is very beneficial according to higher work efficiency of UPLC compared to HPLC. Overall, we can say it is a faster, economically cheap, environmentally green, and user friendly technology (Table 6 ). Th e o r e t i c a lp l a t e s( ) 1 1 4 4 3 2 9 6 2 6 7 8 7 5 3 4 * Significance of HPLC to UPLC method transfer.
Conclusion
This single method is very appreciative for separation of three drugs together using two different instruments with same chromatographic conditions. The validated stability indicating chromatographic method for the combination dosage, Anaspas, is also useful to decide the storage condition and its percentage degradation during storage. Moreover, it is transferred from HPLC to UPLC to avoid extra solvent consumption. The faster analysis provides high precision and sensitivity for the better work efficiency. The UPLC method offers shorter analysis time, column equilibrium time, and system start up time which decreases the extra labour and time of routine quality control. The results of all the analytical method validation parameters were found within the acceptance limit of the ICH guidelines.
